A regular and periodic monitoring of crop health is essential in any cultivation. An important parameter which act as indices of crop health is the leaf chlorophyll measurement. In the Asian part of the world, Betel vine (Piper betle L., family Piperaceae) ranks second to coffee and tea in terms of daily consumption. Therefore, these important and highly productive crash crop is selected for the purpose of study. The experiment was conducted in an established pan betel vine crop field (Pan boroj). A small review of the popular method of leaf chlorophyll measurement is done and some of the drawbacks of the existing methods are reported. The review point out a need for fast and precise leaf chlorophyll measurement technique. Thus an image processing technique based on trichromatic colors i.e., red green and blue (RGB) model is proposed. For the purpose of analysis of the proposed model, the model outcome was compared with atLEAF+ chlorophyll meter reading. And a regression analysis was performed the result of regression analysis proof that there is a strong correlation between proposed image processing technique and chlorophyll meter reading. Thus, it appears that the proposed image processing technique of leaf chlorophyll measurement will be a good alternative for measuring leaf chlorophyll rapidly and with ease.
Introduction
Food production is of primary concern for any country. Agriculture and forestry have a significant role in GDP growth and India ranks second worldwide in farm output. Among all other crops in India Betel leaf is one of the most propitious commercial crops. It is also known as Pan in India. It is cultivated in 55,000 hector with annual production worth Rs. 9000 million 1 .The quality and productivity of crop are directly related to the green pigment visible in the leaves which is due to the presence of Chlorophyll. Leaf chlorophyll is mostly used as an index to diagnose diseases and getting the nutrient and nitrogen status in the plants.
Various invasive and noninvasive methods have been proposed earlier to measure the leaf chlorophyll. The conventional method of chlorophyll measurement such as spectrophotometry extracts the pigment from the leaf tissue and precludes the results 2, 3 .The invasive approach of chlorophyll measurement, also needs the leaf to be destructed so the sa 4 . As a noninvasive approach SPAD-502 and atLEAF+ meters have given an advantage of rapid measurement, but suffer from the drawback that they are costly methods and also the results are not much accurate in low light intensity 5, 6 . So a rapid image processing method has been proposed to get the better results.
To avoid the complexities with the invasive methods and compensating the cost factor of chlorophyll meters, a new image processing technique for chlorophyll measurement is proposed. The proposed method deals with one of the great real world application such as Agriculture. This method requires a scanner to scan the leaf in order to get images and a windows xp base PC or laptop with Matlab installed to process those images. That means this is very easy, portable, less time consuming, cost effective and provides accurate results. In the past two decades, many image processing techniques have been developed to monitor plant health and chlorophyll concentration using the RGB (Red Green Blue) color. In almost all studies, digital technique that measures foliar chlorophyll concentration cameras were used to acquire leaf images, then analyzed to examine the relationship between the R, G and B values with the chlorophyll content that directly indicates the amount of nitrogen present in plants but such methods suffer from a disadvantage of light intensity while taking pictures using digital camera 7 .
The proposed image processing method also deals with trichromatic colors i.e. RGB. The chlorophyll content is estimated by having the histogram of leaf image; the corresponding values of R, G and B are obtained and compared to the values by atLEAF meter. Also the sample leaves were scanned to get images that avoid the problem of light intensity as stated earlier. The relationships between R, G and B with atLEAF values were found to be linear over the range and resulted in high accuracy with strong correlation.
Materials and methods

Study site
Measurement of chlorophyll by atLEAF+ meter
The results obtained by proposed image processing algorithm were compared with the chlorophyll measurement done with the help of atLEAF+ meter as shown in Fig.2 . The atLEAF+ sensor was introduced in 2013 by FT Green LLC. (Wilmington, USA). This meter is a powerful, handheld, easy to use device to measure the relative chlorophyll content of green leaf of plants.
Data recording
Some recent research on chlorophyll measurement using chlorophyll meter 9 , suggested that, Soil Plant Analysis Development (SPAD-502) meter has proven good for chlorophyll measurement but here atLEAF+ meter has been used. Both the SPAD and atLEAF+ meters can be used for chlorophyll measurement and the results are found to be strongly correlated for different species. The sensor of atLEAF+ meter uses a similar system as that of the SPAD-502 meter. Chlorophyll content can be measured from the sensor in less than a second on the LCD screen. It can store 5000 readings and data can be transferred to personal computer (PC) using a USB port. The chlorophyll meter measures transmission of red light (660 nm), in which chlorophyll absorbs light, as well as transmission of infrared light at 940 nm, where no absorption occurs. Recent studies conclude that Northwest Agriculture & Forestry University in China, have shown consistent results in canola, potato, corn, wheat, and barley leaves 10,11 . According to the trichromatic theory any color is composed of three primary colors i.e. red, blue and green and conversely, any color can be decomposed into the primary colors. Image processing is an emerging field of Computer science and digital images are being used to get the intrinsic characteristics of leaf i.e. color and texture. These characteristics give the direct indication of the amount of chlorophyll present in the leaf. Designing of proposed model includes extraction of RGB by scanning leaves to get images and comparing it with the chlorophyll meter values and finding correlation between the two. A flow chart of proposed model has been shown in Fig.4 .
Calculation of red, green and blue components
After getting the image histogram it is necessary to get the exact values of red (R), green (G) and blue (B) colors. The corresponding RGB values of leaf images were recorded by Matlab, image processing toolbox. For that first the image is opened in Matlab, then by selecting histogram function in command window one can get the corresponding red, green and blue values of any image.
Application of algorithm
After getting the corresponding red, green and blue values, the next task is to estimate the chlorophyll content by proposed methodology. As the human eye cannot differentiate between the various brightness levels due to its persistence 12 . So the three primary colors red, green and blue are converted into mean brightness ratios and a linear equation is so formed as:
f(x, y) = p00 + p10*x + p01*y
Where p00, p10 and p01 are modal parameters or constants. The values obtained for the modal parameters are 775.4, -1218 and -827.3 respectively. In equation 1, the variables x and y are the mean brightness ratios r and g respectively.
As said earlier that the three primary colors (R, G, B) are converted into mean brightness ratios (r, g, b) to get better results. Where r, g and b are: 
With these r, g and b values we can estimate the chlorophyll content in betel leaves with the help of Surface fitting tool in MATLAB 2010a.
Result and analysis
A set of fifteen data samples were collected and recorded as shown in table1. Which illustrates measured chlorophyll corresponding to each leaf sample using atLEAF+ meter and image processing algorithm and the mean brightness ratio (r, g, b) of the three primary colors red green and blue (R, G, B) respectively by using equation 1,2,3 and 4.
The estimation of leaf chlorophyll content using the image processing algorithm was analyzed with the regression analysis. The correlation between the reading obtained from atLEAF+ meter reading and image processing algorithm is shown in fig.5 below. Observations 15 Table 2 . Regression analysis of atLEAF+ chlorophyll meter reading and image processing algorithm reading. The values of R Square, Adjusted R Square and F are significant at the 0.005 level There were significant and positive correlations between meter reading and Algorithm reading at each stage of measurement. The criterion used to judge the fit of the regression to the data points was the coefficients of determination (R 2 ) indicated that almost no variation in chlorophyll content was explained by proposed image processing algorithm reading at the each measurement stage.
These results show that the image processing algorithm readings can be used as an effective indicator for evaluating the chlorophyll content in leaf at different stage of measurement. On the basis of this exercise, one must conclude that surface chlorophyll measurements are worthwhile by making use of an image processing algorithm.
Discussion and conclusion
Image processing is a field of science that has many application areas. Agriculture is one of the most recent applications. Leaf chlorophyll is a direct indicator of nitrogen status and growth rate of the plant. The non-invasive approach reported here is unique and presented for the first time in my knowledge. This approach is easier than the invasive methods and much faster and more accurate than the other non-invasive approaches proposed earlier. The sample leaves chosen were betel leaves that have their own economic and health benefits. So we can say that the proposed work added an advantage to betel leaves by measuring chlorophyll content quickly and accurately.
The discussed work of chlorophyll measurement is done by analyzing the leaf image. That gives information regarding the green pigment or chlorophyll content in betel leaves. A linear rgb model has been employed to find the correlation between actual chlorophyll by atLEAF+ meter and predicted chlorophyll by the image processing methodology.
A good agreement between actual and estimated chlorophyll has been observed. The chlorophyll measured by atLEAF+ meter was 97.7 and estimated was 97.9. The coefficients of determination (R 2 ) obtained as 95.7 (table 2) that is much higher than the other methods 13 . The results indicate that the proposed image processing algorithm is much reliable and efficient for chlorophyll measurement. Thus the presented research work with image processing as a tool fulfils the goal of smart farming and thus affects the productivity of betel vine leaf for better economic growth.
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